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Abstract
Objectives: This study investigated the effect of Muslim prayer (salat) on the a relative power (RPa) of
electroencephalography (EEG) and autonomic nervous activity and the relationship between them by using
spectral analysis of EEG and heart rate variability (HRV).
Methods: Thirty healthy Muslim men participated in the study. Their electrocardiograms and EEGs were
continuously recorded before, during, and after salat practice with a computer-based data acquisition system
(MP150, BIOPAC Systems Inc., Camino Goleta, California). Power spectral analysis was conducted to extract
the RPa and HRV components.
Results: During salat, a significant increase ( p < .05) was observed in the mean RPa in the occipital and parietal
regions and in the normalized unit of high-frequency (nuHF) power of HRV (as a parasympathetic index).
Meanwhile, the normalized unit of low-frequency (nuLF) power and LF/HF of HRV (as sympathetic indices)
decreased according to HRV analyses. RPa showed a significant positive correlation in the occipital and parietal
electrodes with nuHF and significant negative correlations with nuLF and LF/HF.
Conclusions: During salat, parasympathetic activity increased and sympathetic activity decreased. Therefore,
regular salat practices may help promote relaxation, minimize anxiety, and reduce cardiovascular risk.
Introduction
Islamic prayer, commonly represented by the Arabicterm salat, is a form of meditation,1 and it is obligatory for
Muslims to perform the prayers five times daily at specific
prescribed times of the day. It is a religious physical activity
that involves various Quran recitations and the performance
of specific postural positions, namely standing, bowing,
prostration, and sitting.2
Various meditation forms can influence not only the auto-
nomic nervous system (ANS),3,4 but also the central ner-
vous system (CNS).5,6 For instance, Arambula and colleagues
showed an increase in a and h electroencephalography (EEG)
activities duringKundalini yogameditation, and Peressutti and
colleagues showed variations in heart rate variability (HRV)
and respiratory rate during meditation.7 Lee and colleagues
found that heart rate, respiratory rate, and systolic blood
pressure significantly decrease during Qi-training,8 and
Raichur and associates described the effect of meditation
training on the variation in respiration.9
Power spectral analysis is commonly applied to electro-
cardiography (ECG) signals to assess HRV as an indicator
of the autonomic nervous system.10,11 Many cardiovascular
disorder states are hypothesized to be associated with typical
variations in HRV.12 The cardiovascular system is usually
controlled by autonomic regulation through the activity of the
sympathetic and parasympathetic branches of the ANS.13 The
sympathetic branch, in a simplified sense, is responsible for
stimulating activities associated with the fight-or-flight re-
sponse, and the parasympathetic branch is responsible for the
calming-down response.14 The three common frequency
bands in the HRV spectrum are the very-low-frequency
(VLF) component (0.001–0.04Hz), the low-frequency (LF)
component (0.04–0.15Hz), and the high-frequency (HF)
component (0.15–0.4Hz). VLF mainly reflects thermoregu-
latory cycles, LF is usually considered a marker of mixed
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sympathetic-parasympathetic nervous activities, and HF
reflects parasympathetic (vagal) nervous activities.11,12,15 In
addition, the ratio of LF/HF represents the sympathovagal
balance, which is essential for good health.12,16 Recently,
HRV information has been obtained from individuals before
and during meditation to understand ANS response induced
by the meditative state.15,17 Meditation affects ANS by in-
creasing and decreasing parasympathetic and sympathetic
activities, respectively. EEG can also be investigated with
power spectral analysis. The five spectral frequency bands
are d (0.5–4Hz), h (4–8Hz), a (8–13Hz), b (13–30Hz), and
c (30–70Hz), which correspond to the classification of brain
waves. The a wave is one of the most dominant brain waves
in meditation state. The a wave activity can be measured in
all regions of the brain. However, the highest a wave am-
plitude was observed in the occipital and parietal regions.18
The increasing of a band frequency in meditation was
hypothesized to be promoted by changes in ANS, which
induce relaxation response in humans.19,20 The generation
of a waves is generally associated with stimulation of
parasympathetic activity and reduction of the sympathetic
activity of ANS.21 High levels of a activities were correlated
with low levels of anxiety and feelings of calm and positive
affect.22,23
Many studies describe the relationship between the CNS
and ANS during meditation. For example, Takahashi and
colleagues performed aspectral analysis for EEG band fre-
quencies and HRV components during Zen meditation and
discovered that the a EEG power was negatively correlated
with normalized unit of LF (nuLF) power as well as in LF/
HF and that h EEG power was positively correlated with
normalized unit of HF (nuHF) power.21 Travis demonstrated
reduced breath rate, increased respiratory sinus arrhythmia
amplitudes, and increased EEG a amplitude compared with
EEG and autonomic patterns during Transcendental Medi-
tation.24 Tang and colleagues reported a positive correlation
between h and HF component of HRV during short-term
meditation.17 No studies have assessed Muslim prayer
(salat), and limited information is available on the func-
tionality of ANS in the interaction between EEG and HRV
during salat. This study aims to evaluate the possible cor-
relations between the spectral power of the a band frequency
of EEG and HF or LF bands of HRV during salat and to
elucidate the physiologic mechanisms between salat and the
CNS and ANS.
Materials and Methods
Participants
This study recruited 30 healthy Muslim men aged 20–35
years. The participants had no neurologic or psychological
disorder, and they were asked not to take any heavy meals or
to do physical activity at least 4 hours before measurements
were taken.
Procedure
The experimental procedure for each study participant
was divided into three sessions: prebaseline, Duha salat
practice, and postbaseline. Before the first session (pre-
baseline) recording, the participants lay on a bed in a quiet,
semi-darkened room and were asked to relax in the supine
position for 20 minutes so that they could adapt to the ex-
perimental conditions. EEG and ECG signals were simul-
taneously recorded. The data were collected with both eyes
open for 2 minutes, followed by both eyes closed for another
2 minutes and both eyes open for 2 minutes. Then, the
participants were allowed to rest for 5 minutes.
In the Duha salat session, the participants were asked
to perform salat. EEG and ECG signals were collected
throughout the performance of each of the different postural
positions of salat. Figure 1 shows a complete single cycle of
prayer movements. Participants were reminded to keep their
eyes opened during the salat session. In the postbaseline
session, data were recorded, and the procedure was similar
to that used for the prebaseline data recording.
Data acquisition and signal processing
During the experiment, EEG and ECG signals were
continuously recorded with a computer-based data acquisi-
tion system (MP150; BIOPAC Systems Inc., Camino Go-
leta, California). To avoid any artifacts due to physical
movements, only four static positions (standing, bowing,
sitting, and prostrating) were analyzed; the signals in be-
tween movements were excluded.
EEG was recorded with an AgCl electrode cap, with
electrodes positioned on the participant’s head with the use
of the standard 10–20 system. On the basis of previous
studies, electrodes were placed at O1, O2, P3, P4, C3, C4,
F3, and F4 and referenced to the linked ear lobe electrode
during recording. Electrode impedances were brought below
FIG. 1. Complete cycle of salat postures and movements.
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5K O. Unipolar recording technique was used to record the
signals. The signals were sampled at a rate of 1000 samples/s
and amplified with BIOPAC EEG100C amplifiers. As a pre-
liminary step to estimate power spectral density, all signals
were band-pass filtered between 1.0 and 100Hz with Acq-
Knowledge 4.0 software (BIOPAC Systems Inc.). Then, a
Matlab program (MATLAB R2010a, MathWorks, Natick,
Massachusetts) was written to estimate the power spectral
density of the EEG signals. This program is based on Welch’s
averaged periodogram method with a Hanning window that
has a 1024-point fast Fourier transformation and 512-point
overlapping for each segment length of the signal recorded.
The resulting values were normalized into the a relative power
(RPa) according to the following equation:
RPa¼
R fh
fl
Sx( f )df
R f max
0
Sx( f )df
· 100
where fmax = 95Hz, fl = 8Hz, fh = 13Hz.25
ECG signal was obtained with three electrodes attached to
the participant’s chest in a standard lead II configuration.
The sampling rate of the ECG was 1000 samples/s, and the
signal was amplified with a BIOPAC ECG100C differential
amplifier. Then, the signal was band-pass filtered between
0.5 and 35Hz before signal analysis. A Hanning window
with a 256-point fast Fourier transformation and 128-point
overlapping was used for Welch’s method to evaluate the
power spectral density in HRV. HRV was calculated from a
series of 5-minute epochs of ECG signal according to
guidelines. Spectral HRV components were evaluated and
obtained in absolute values of power (ms2) based on their
frequency to one of the following three bands: VLF, LF, and
HF. The HF and LF components of HRV were conven-
tionally observed in normalized units (nuHF and nuLF). The
LF/HF ratio, an estimate of the balance between sympa-
thetic and parasympathetic activities, was also calculated
from the absolute power of both frequency components.
Statistical analysis
Experimental data were analyzed with SPSS software,
version 17 (SPSS Inc., Chicago, Illinois). Analysis of vari-
ance (ANOVA) was used to test the changes in the means of
the RPa and HRV variables during salat and pre- and
postbaseline. Additional comparisons were also conducted
with the post hoc test. The Pearson product-moment corre-
lation coefficient was obtained to determine the correlation
between the HRV frequency power and RPa of the EEG
signals and also between HRV and respiration. A p-value
less than .05 was considered to represent a statistically
significant difference.
Results
EEG and ECG signals from all participants were analyzed.
The average prayer duration performed in this study was 5.23
(standard deviation, 1.46) min. Table 1 shows the means and
standard deviations of RPa during pre- and postbaseline and
salat practice. ANOVA tests showed that the means of RPa
were significantly higher ( p< .05) during salat than those of
the two baselines before and after salat in most of the eight
electrode positions, where O1 (F[2,87]= 3.60; p= .031), O2
(F[2,87]= 3.39; p= .038), P3 (F[2,87]= 3.27; p= .043), P4
(F[2,87]= 3.50; p= .034), C3 (F[2,87]= 3.22; p= .045), C4
(F[2,87]= 3.36; p= .039), F3 (F[2,87]= 1.87; p= .159), and F4
(F[2,87]= 3.36; p= .039). Furthermore, post hoc analysis
showed that there were significant differences between Salat
and prebaseline for all electrode positions except F3, but no
significant difference between salat and postbaseline condition.
Table 2 presents the changes in HRV components during,
before, and after salat practices. The results showed that LF,
HF, and nuHF significantly increased whereas nuLF and LF/
HF significantly decreased during salat practice. ANOVA test
results showed that the differences in means of all HRV pa-
rameters between prebaseline, Duha salat practice, and post-
baseline were significant at the 5% level ( p< .05), where VLF
(F [2,87]= 5.80; p= .004), LF (F [2,87]= 4.23; p= .018), HF
(F[2,87]= 9.52;p= .000), totalpower (F[2,87]= 7.13;p= .002),
nuLF (F[2,87]=4.82; p= .010), nuHF (F[2,87]= 4.82; p= .010),
LF/HF (F[2,87]=3.72; p= .028), and heart rate (F[2,87]=5.86;
p= .004). In addition, post hoc analysis showed significant dif-
ferences between salat and prebaseline but no significant differ-
ence between salat and postbaseline condition.
Table 3 shows the correlation coefficients between the
RPa and HRV parameters. The results indicate that RPa was
significantly positively correlated with nuHF and signifi-
cantly negatively correlated with nuLF and LF/HF in the
occipital and parietal regions of the brain during salat
practice. The pre- and postbaseline conditions showed no
significant correlations between RPa and HRV components.
Discussion
This study investigated the EEG and ECG signals of 30
young, healthy Muslim men. It aimed to explain the effect
and the possible relationships among the relative power
spectra of the a band frequency of EEG and ANS activities
represented by the frequency bands of HRV during salat.
The results (Table 1) indicated that RPa was significantly
higher ( p< .05) during salat than at pre- and postbaseline. A
notable increase in a wave activity was observed at the
occipital and parietal regions of both brain hemispheres. The
production of awaves is normally promoted by the para-
sympathetic nervous system with suppression of the sym-
pathetic system.21 These findings strongly suggest that the
high levels of a activity during salat are associated with
increased relaxation, reduced tension, sustained focus, and a
Table 1. a Relative Power During
Pre- and Postbaseline and Salat Practice
Mean RPa (SD) (lv2/Hz)
Scalp
position Prebaseline During salat Postbaseline
O1 23.06 (8.09) 29.13 (8.59) 27.02 (9.87)
O2 22.40 (6.89) 27.42 (6.78) 25.36 (8.68)
P3 24.03 (7.43) 28.80 (6.93) 26.72 (7.35)
P4 23.45 (5.49) 28.15 (6.83) 25.23 (8.22)
C3 15.86 (3.57) 18.29 (4.42) 16.92 (3.03)
C4 15.18 (2,81) 17.66 (5.13) 16.47 (2.60)
F3 10.56 (2.88) 12.00 (4.03) 11.59 (1.47)
F4 10.04 (2.45) 11.66 (3.04) 10.58 (1.70)
RPa, a relative power; SD, standard deviation.
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balanced condition of the human mind and body.5,6,26 The
results were also in accordance with previous laboratory
results that demonstrated increased RPa during prostrate
position, particularly during salat positions.27
The novelty of this study is the marked increase in gen-
eral HRV components power during salat practice. Both the
LF and HF components significantly increased at p< .05, as
well as the nuHF power when compared with pre- and
postbaseline. There was a relatively stronger parasympathetic
mobilization. The significant reduction in nuLF substantiates
the reduced sympathetic activates because the LF band power
of the HRV is mainly related to sympathetic modulation
when expressed in normalized units,12 and the parasympa-
thetic (vagal) modulation is a major contributor to HF band
power. The ratio of LF/HF represents the sympathovagal
balance.28 However, an LF/HF ratio of 1.72 and 1.60 at pre-
baseline and postbaseline, respectively, versus 1.50 during
salat practice indicates a relatively stronger parasympathetic
mobilization. These findings were consistent with a previous
study that reported an increase in nuHF (as a parasympathetic
index) and a decrease in nuLF (as a sympathetic index)
during meditation.3,4,15,21
During salat, positive significant correlations were found
between RPa in the occipital and parietal regions and that in
nuHF (as an index of parasympathetic tone), and negative
significant correlations were found with RPa in nuLF and
LF/HF (as indices of sympathetic tone) (Table 3). The sig-
nificant correlations between the power spectral components
of HRV and RPa reflect the sympathovagal balance, sug-
gesting that parasympathetic and sympathetic nervous ac-
tivities increase and decrease during salat, respectively.
Furthermore, these results present an important point in the
interpretation of the physiologic mechanisms between the
CNS and ANS among salat. These findings also agreed with
those of a recent study on meditation.21 The aforementioned
study reported that the percentage change in a EEG power
was positively correlated with nuHF and negatively corre-
lated with nuLF and LF/HF.
In conclusion, in light of these results, the increased EEG
occipital and parietal RPa during salat suggests that salat
produces positive changes in brain function and human
well-being. These changes are associated with an increase in
the parasympathetic component and decrease sympathetic
component in the ANS. This combination of high para-
sympathetic activity in nuHF power, low sympathetic ac-
tivity in nuLF power, and increase in the EEG RPa during
salat practice suggest that the interaction between the cen-
tral nervous system and ANS during salat promotes relax-
ation and minimizes anxiety for individuals who regularly
practice salat.
Table 2. Heart Rate Variability Parameters During Pre- and Postbaseline and Salat Practice
HRV parameter Prebaseline During salat Postbaseline
VLF power (ms2) 217.93 (155.22) 409.37 (287.24) 310.39 (188.27)
LF power (ms2) 909.91 (296.82) 1190.70 (464.67) 1072.92 (345.13)
HF power (ms2) 538.64 (192.57) 800.15 (268.31) 683.11 (230.46)
Total HRV power (ms2) 1666.49 (568.57) 2400.26 (949.47) 2066.47 (711.99)
nuLF 62.91 (3.92) 59.23 (5.62) 61.11 (4.00)
nuHF 37.08 (3.92) 40.76 (5.62) 38.88 (4.00)
LF/HF 1.72 (0.29) 1.50 (0.35) 1.60 (0.30)
Values are mean (standard deviation).
HRV, heart rate variability; VLF, very low frequency; LF, low frequency; HF, high frequency; LF/HF, ratio of LF to HF; nuLF,
normalized unit of LF; nuHF, normalized unit of HF.
Table 3. Correlation Coefficients Between a Relative Power
and Heart Rate Variability During Pre- and Postbaseline and Salat
HRV Parameters HRV Parameters
Variable Scalp position nuLF nuHF LF/HF Scalp position nuLF nuHF LF/HF
Prebaseline O1 0.153 - 0.153 0.111 O2 - 0.087 0.087 - 0.090
P3 - 0.170 0.170 - 0.142 P4 - 0. 120 0.120 - 0.103
C3 - 0.080 0.113 - 0.113 C4 - 0.159 0.159 - 0.143
F3 - 0.072 0.072 - 0.036 F4 - 0.024 0.024 - 0.017
During salat O1 - 0.514** 0.514** - 0.546** O2 - 0.626** 0.626** - 0.689**
P3 - 0.392* 0.392* - 0.479** P4 - 0.406* 0.406* - 0.477**
C3 - 0.281 0.281 - 0.318 C4 - 0.314 0.314 - 0.365*
F3 - 0.202 0.202 - 0.283 F4 - 0.224 0.224 - 0.329
Postbaseline O1 - 0.286 0.286 - 0.293 O2 - 0.275 0.275 - 0.279
P3 - 0.233 0.233 - 0.252 P4 - 0.222 0.222 - 0.239
C3 - 0.237 0.237 - 0.253 C4 - 0.262 0.262 - 0.283
F3 - 0.164 0.164 - 0.133 F4 - 0.151 0.151 - 0.173
*Correlation is significant at the 0.05 level (two-tailed).
**Correlation is significant at the 0.01 level (two-tailed).
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